The recent papers by Gil-Alana (2006) and Bond and Dyson (2007) raised the possibility that the time series behavior of share prices, as well as those of returns, could be described by a fractionally integrated process. In particular, Bond and Dyson (2007) looked at the time domain behavior of individual share price series and found that there was strong evidence that many of the main shares in the Financial Times Stock Exchange 100 Share index (FTSE100) were fractionally integrated. Such findings have important implications for the Efficient Market Hypothesis (EMH); raising the possibility of long-memory and that investors might possibly gain from modeling the time series behavior of the shares. Bond and Dyson (2007), using recent developments in non-linear modeling did, however, raise the possibility that the observed behavior could in some cases be due non-linearities in the series.
Introduction
The recent papers by Gil-Alana (2006) and Bond and Dyson (2007) raised the possibility that the time series behavior of share prices, as well as those of returns, could be described by a fractionally integrated process. In particular, Bond and Dyson (2007) looked at the time domain behavior of individual share price series and found that there was strong evidence that many of the main shares in the Financial Times Stock Exchange 100 Share index (FTSE100) were fractionally integrated. Such findings have important implications for the Efficient Market Hypothesis (EMH); raising the possibility of long-memory and that investors might possibly gain from modeling the time series behavior of the shares. Bond and Dyson (2007) , using recent developments in non-linear modeling did, however, raise the possibility that the observed behavior could in some cases be due non-linearities in the series.
The aim of this chapter is to investigate further the complex relationship between the EMH, long-memory and non-linearity in the main individual FTSE series. First, recent theoretical developments of the EMH will be discussed. Of particular interest is the adaptive market hypothesis (AMH) of Farmer and Lo (1999) , which could go some way to explaining recent empirical results. This is because the AMH admits the possibility of periods of market inefficiency that could be manifest in either long memory or structural breaks. The chapter then applies recent developments in univariate inference using estimates of the fractional integration parameter dto the top FTSE100 series. An advantage of this, over the methodology used in Bond and Dyson (2007) , is that assumptions about (2007) is used to test for the possibility of fractionality. Then, three tests using semi-parametric frequency domain estimates of d are used to explore whether the possible fractionality of a series could be due to non-linearity. The first test is a heuristic test, due to Smith (2005) , based on comparing the Geweke and PorterHudak (1983) GPH estimate of d with a version modified to allow for non-linearity. The second test, due to Perron and Qu (2009), makes use of the fact that if the series is non-linear the estimated value of d using the GPH method will vary as the number of frequencies m is changed. The third test, due to Qu (2008), is based on the differing behavior of the profile local Whittle likelihood function when the series is non-linear rather than fractional.
Market efficiency
The question of whether financial markets are efficient, with respect to the processing of information, appears, on the face of it, deceptively simple. Unfortunately, as Timmerman and Granger (2004) emphasize, it is an area of research fraught with difficulties.
The origins of theoretical and empirical research into efficient markets can be traced to the papers by Samuelson (1965) and the much earlier commodity study of Bachelier in the 1900s (see Cootner, 1964) . However, a problem that one encounters in investigating and evaluating the evidence regarding market efficiency, as evident from even a cursory examination of the literature, is that the definition of what constitutes an efficient market has changed subtly through time (C.F., Fama, 1965a,b, for two early definitions). A problem with early definitions of market efficiency is that they are difficult to investigate, empirically, because of the nebulous term, 'information'.
In order to investigate market efficiency, Fama (1970) refined the concept of available information, by defining three differing, but encompassing levels of efficiency. These levels of efficiency were formalized in the form of information sets. In a weak-form efficient market, the information set comprises past, historic share prices, or returns. Investors cannot earn excessive economic profits from detecting patterns in share prices, or returns, and consequently developing trading rules that attempt to exploit the perceived patterns, as no such patterns exist. In a semi-strong form efficient market, the information set comprises publicly available information (including historic). Investors cannot earn excessive economic profits from trading in such publicly
